2 , P`0.001), and DHEA levels (11.00 AE 3.10 vs 14.25 AE 4.10 nmolal, P`0.05) with no modi®cation in body weight. Changes in triglycerides were negatively correlated with changes in DHEA (r À0.81, P 0.03). This correlation was independent of changes in abdominal fat distribution. CONCLUSION: Training decreases abdominal fat depots, improves muscular mass and affects favourably triglyceride and DHEA levels. Changes in triglycerides and DHEA were inversely related.
Introduction
Lower endogenous androgen levels and dyslipidemia occur with a high frequency in males with type 2 diabetes compared to nondiabetic patients. 1, 2 Both abnormalities contribute to the increased risk of developing coronary heart disease (CHD) in type 2 diabetic patients, which is 2±5-fold higher than in nondiabetic subjects. 3±5 Hypertriglyceridemia is the most common lipid abnormality in type 2 diabetes 6 and is an important and independent risk factor of CHD mortality in diabetic patients. 5 Prospective studies have shown that low DHEAS and DHEA levels may be predictive risk factors for CHD in males over age 50. 7, 8 Furthermore, DHEAS has been shown to be an independent predictors of triglyceride level. 9 Nevertheless, the relationship of DHEAS and DHEA to lipids and lipoproteins in men is still debated; some studies show either signi®cant inverse correlation 9, 10 or no correlation with lipids, particularly triglycerides. 11, 12 Studies evaluating the impact of DHEA replacement on lipids and lipoproteins in men have reported either no modi®cation, 13, 14 or signi®cant decrease in total and HDL cholesterol 15 or in total and LDL cholesterol. 16 Physical exercise can be effective for controlling diabetes and reducing serum lipid levels and other CHD risk factors. Studies evaluating the impact of exercise training on lipids and lipoproteins in men with type 2 diabetes were of two types: ®rst, those including a diet in combination with exercise did not allow determination of whether the effect was due to dietary intervention or to exercise training per se; 17, 18 second, those evaluating the sole effect of exercise produced controversial data either reporting an improvement in triglyceride and LDL cholesterol levels 19±21 or showing no modi®cation in lipid pro®le, 11, 22 with opposite results on HDL cholesterol. 19, 20 Furthermore, randomized controlled studies evaluating the in¯uence of exercise training, by imaging procedure, on abdominal adipose tissue and midthigh muscle in relation to body weight are very scarse. 23 In this study we examined the effect of a supervised regular exercise based on intensive endurance and resistance training program on lipid pro®le, body weight and body composition in type 2 diabetic men. We also investigated whether changes in the lipid pro®le were correlated with changes in DHEA levels and abdominal fat distribution.
Materials and methods

Subjects
Sixteen men aged 45.4 AE 7.2 (mean AE s.d.) with type 2 diabetes were recruited from the population attending our department for diabetes care. All these subjects belong to the group of patients described elsewhere. 24 Brie¯y, patients were characterized by a moderate glucose control (HbA1c 8.15 AE 1.70%), and a body mass index (BMI) of 29.6 AE 4.6 kgam 2 . All were previously sedentary subjects (no participation in regular moderate and or intensive exercise for at least 6 months before the study). All underwent a complete medical examination, a metabolic status investigation and a body fat screening. Antidiabetic medication, if any, was continued during the program and subjects were asked to maintained their usual diet, as previously described. 24 This investigation was approved by the local ethics committee, in accordance with the guidelines published in the Declaration of Helsinki, and informed consent was obtained from all patients.
Study design
Maximal oxygen uptake determination. Maximal oxygen uptake (VO 2max ) was determined on a bicycle ergometer (Monarck-Crescent, Valberg, Sweden). Brie¯y, exercise was performed at a constant rate of 60 rpm throughout the 30 min duration of the session. The test was initially set at 30 W for a 2 min warm-up period, followed up by a 30 W workload increase every 2 min until the subject could no longer continue, and was adjusted to attain maximal effort for 15±20 min. Because VO 2 did not reach a plateau in most patients, the highest VO 2 values obtained during incremental exercise corresponded to a VO 2 peak rather than VO 2max . 25 This determination was performed before and at the end of the course of the study.
Exercise training session. Subjects were randomly divided into two equal groups. The trained group was ®rst enrolled in a three-times-a-week graded program (pre-exercise training) on a bicycle ergometer. This program was maintained for about 2 weeks until each subject was able to work for 45 min at 75% of their previously determined VO 2 peak. Then, the trained group was assigned to an 8 week training program (three timesaweek) consisting of two different kinds of exercise: ®rstly, a continuous exercise bout performed twice a week for 45 min at 75% of their VO 2 peak; and secondly an intermittent exercise consisting of ®ve 2 min exercise bouts at 85% VO 2 peak separated by 3 min exercise at 50% VO 2 peak performed once a week. 24 Subjects making up the control group were seen weekly to exercise on the bicyle ergometer at a constant rate of 60 rpm for 20 min at low intensity (30 W).
Anthropometric evaluation
Weight, and height were determined for each subject using conventional procedures, and BMI (weightaheight 2   ,  kgam 2 ) calculated. Magnetic resonance imaging (MRMax, General Electric, Milwaukee, WI) was performed to measure cross-sectional areas of subcutaneous and visceral adipose tissue at the level of the umbilicus (L 4 ±L 5 ) and of muscular tissue at mid-thigh, as previously described. 24 Endocrine investigation Blood samples ($10 ml each) were collected from an antecubital vein and obtained from each patient between 08:00 and 08:30 h before and at the end of the training session. Serum cholesterol was measured using CHOP-PAP reagents and triglycerides by an enzymatic method with reagents from Boerhinger-Mannheim GmbH (Mannheim, Germany), whilst serum HDL cholesterol was estimated enzymatically (Boerhinger-Mannheim GmbH) after precipitation of apoB with phosphotungstate and MgCl 2 . LDL cholestrol was calculated using the Friedewald formula. 26 The quanti®cation of ApoA1 and ApoB in whole plasma was performed using commercial antibodies (Behring Dade SA, La Defense, France). Serum levels of DHEA were determined by speci®c RIA methods involving chromatographic puri®cation of serum extracts with intra-and interassay coef®cients of variations from 4.3±7.2% and 4.4±9.6% respectively. 27 
Statistical analyses
The effect of exercise training was evaluated, comparing differences between changes (expressed for each subject as t after at before training) in body weight, body composition and in lipids, lipoproteins, apolipoproteins and DHEA levels in the trained and the control group, using the Mann±Whitney U-test. A two-tailed P-value`0.05 was considered signi®-cant. Spearman rank correlation coef®cients were computed to assess the association between changes in DHEA levels, changes in lipid variables and changes in body composition. Results are expressed as mean AE s.d. 2 (after), P`0.001). Exercise training increased signi®-cantly DHEA levels Ð trained (11.00AE 3.10 (before) vs 14.25AE 4.10 nmolal (after)) vs untrained group (11.35AE 6.05 (before) vs 10.75AE 7.30 (nmolal) (after), P`0.05), when comparing differences between changes in the two groups as noted in materials and methods. The effect of the exercise training on the lipid pro®le is summarized in Table 1 . Training signi®cantly decreased triglyceride levels and did not modify signi®cantly total, HDL cholesterol, LDL plus VLDL, ApoA 1 and ApoB levels ( Table 1) . Analyses of the relationships between lipids and androgens demonstrate a negative and signi®cant correlation between changes in triglycerides and changes in DHEA (rÀ0.81; P 0.03; Figure 1 ). In addition, changes in DHEA levels were marginally and inversely related to changes in the sum of LDL and VLDL levels (rÀ0.69; P 0.067; Figure 1 ). These correlations were not affected after adjustment for BMI, abdominal fat distribution and glycated hemoglobin (data not shown).
Discussion
Low HDL cholesterol levels, elevation in triglyceride levels and lower endogenous androgen levels have been reported in males with type 2 diabetes. 1, 4 The prevalence of hypertriglyceridemia is three times higher in men with type 2 diabetes compared to men with normal glucose tolerance, 28 and high total and VLDL triglycerides are independent and powerful predictors of CHD in type 2 diabetes. 4, 5 Indeed, type 2 diabetic patients with serum triglycerides above 2.3 mmolal have a 2-fold increased risk of CHD. 4 Elevation of triglyceride levels in type 2 diabetes results mainly from an overproduction of VLDL triglyceride. 29 Prospective studies have suggested that low levels of DHEAS and DHEA predict the occurence of CHD in men. 7, 8 DHEAS levels have been shown as one of the independent predictors of triglyceride levels with an inverse relationship. 9 In addition, low levels of physical activity and cardiorespiratory ®tness are independent risk factors of CHD in the whole population. Training-related changes in diabetes P Boudou et al Improvement in physical ®tness have been shown to induce health bene®ts in term of morbidity, mortality and improvement in CHD risk factors such as visceral adipose tissue and hypertriglyceridemia. 20, 23, 24 Our results demonstrate that male type 2 diabetic patients enrolled in a randomized controlled exercise based on an intensive endurance and resistance training program without diet modi®cation decreased dramatically visceral and to a lesser extent subcutaneous adipose tissue. Decreases in visceral adipose tissue with or without body weight loss have been previously reported in obese nondiabetic patients. 23 We also noted a marked increase in thighmuscle cross-sectional area which is consistant with ®ndings observed in type 2 diabetic patients following resistance training. 31 These changes in body composition were observed without any modi®cation in body weight. Although we did not directly determined total body fat, we believe that the increase in lean body mass, as suggested by the marked increment in thigh muscle cross-sectional area, compensates the fat mass loss induced by training.
Studies on the effect of exercise training on lipid pro®le in type 2 diabetic patients have shown either an improvement in triglyceride andaor LDL cholesterol levels 19±21 or no modi®cation, 11, 22 with con¯icting data on HDL cholesterol levels. 19, 20 In fact, most analyses were performed as a withingroup comparison following exercise training. 11, 19, 20, 22 Results from studies in which the trained group was compared to a control group did not support the favorable effect of training on lipid pro®le in type 2 diabetic patients. 21 Our training program induced a marked decrease in triglyceride levels without any signi®cant modi®cation in other variables of the lipid pro®le. The mechanism by which regular physical exercise decreases triglyceride levels is not known. Poirier et al 22 have reported that changes in triglyceride levels induced by training are related to changes in fat mass. In our study, we failed to demonstrate any relationship between changes in triglyceride levels and changes in body weight and abdominal fat distribution.
Exercise training has been shown to induce either signi®-cant changes 32 or no modi®cation 11, 33 in gonadal and adrenal androgen levels in nondiabetic and diabetic men. Our results show an increase in DHEA levels induced by training, and an inverse relationship between changes in DHEA levels and changes in triglyceride and the sum of LDL and VLDL levels. We acknowledge that this correlation may have been in¯uenced by two patients and the small size of the group, although the analysis has been performed using the Spearman correlation rank test, and dictates that the results be interpreted with some caution. Nonetheless, animal studies have shown that DHEA interact with lipogenesis. 34, 35 In addition, androgen replacement in men has been shown to modify triglyceride uptake and lipoprotein lipase activity. 36 Thus, these data and our results suggest that DHEA may decrease triglyceride levels.
In conclusion, our ®ndings suggest that a randomized controlled regular exercise based on an intensive endurance and resistance training program improves abdominal fat and muscular tissue. This effect appears without any modi®ca-tion in body weight. Furthermore, exercise training favorably affects triglyceride levels and probably the triglyceride content of lipoproteins (LDL plus VLDL) usually found elevated in patients with type 2 diabetes. 37 This improvement in total, LDL plus VLDL triglycerides is associated with increased DHEA levels. A larger study is required to con®rm the inverse relationship between DHEA and triglyceride variations, and explain the mechanism by which DHEA may affect triglyceride levels.
